Objective This study aimed to find the effect of serum Cystatin C in early diabetic nephropathy. Method This study was conducted in Al Kindy Teaching Hospital during the period from December, 2015 to June, 2016. The study included 90 subjects (30 males and 30 females) with diabetic type 2 and 30 healthy control. Age is between 30 and 70 years. Patients were with no history of liver disease, thyroid or other endocrine diseases through clinical interviewing. They were divided in to three groups. 30 healthy controls, 30 patients with type 2 diabetes mellitus with no albuminuria (albumin excretion in urine <30 µg/ml ) and 30 patients with type 2 diabetes mellitus with micro albuminuria (albumin excretion in urine >30 µg/ml ). Results There were no significant differences in age, body mass index (BMI) among the studied groups (p > 0.05). Serum Cystatin C levels showed significant difference (p < 0.001) among studied groups, it was significantly higher in micro albuminuria than the other two groups. There was highly significant positive correlation between Cystatin C and serum creatinine (r = 0.697, p < 0.001), and a significant negative correlation between Cystatin C and GFR (r = − 0.455, p = 0.011) and showed significant positive correlation between Cystatin C and urine albumin (r = 0.526, p = 0.003 ) in type 2 diabetic patients with micro albuminuria. Conclusion Cystatin C is negatively correlated with the amount of GFR, so that Cystatin C considered reliable and sensitive marker for identifying changes in GFR. In type 2 diabetes mellitus with micro albuminuria serum Cystatin C level considered predict marker for renal failure.
Introduction
Diabetic nephropathy is a common complication of diabetes mellitus type 2. The mechanism involved includes changes in blood vessels that supply peripheral nerves and metabolic disorder. 1 Diabetic nephropathy characterized by an increased excretion of protein, particularly albumin in urine, decline of the glomerular filtration rate (GFR) and elevated blood pressure leading to end stage renal failure. 2 Diabetic nephropathy has been reported to occur in 25-40% of people with type 1 or type 2 diabetes. 3 Early diagnosis of diabetic nephropathy is important, and early therapy decreases the progression of renal disease. 4 Micro albuminuria was measured in people with diabetes mellitus and people with GFR less than 60 (ml/min/1.73 m 2 ) and people with strong chronic kidney disease. 5 Micro albuminuria is used as screening and diagnostic diabetic nephropathy. It is a marker of early diagnosis of kidney disease and also used as a predictor for development coronary heart disease and mortality. 6 The macro albuminuria increase of albumin and large amount other protein can pass through the urine. 7 Screening for diabetic nephropathy must be initiated at the time of diagnosis in patient with type 2 diabetes. First screening has been recommended at 5 years after diagnosis in patient with poor glycemic and high normal blood pressure levels. 8 Cystatin C is a 13 kDa protein with low molecular weight and produced by all nucleated cells and freely filtered by the renal glomeruli and reabsorbed in the proximal tubule. Cystatin C is not affected by age or muscle mass in healthy person. Increased urinary Cystatin C is a marker of renal tubular dysfunction. 9 Cystatin C has multiple biological functions including modulation of the immune system and controlling extracellular proteolysis. Cystatin C is reabsorbed by proximal tubule epithelial cells and is not returned to the circulation. 10 Cystatin C is highly correlated with GFR and not influenced by inflammatory conditions, muscle mass, age, body composition and gender. Increased Cystatin C is associated with increase cardiovascular morbidity risk and atherosclerosis progression in diabetes and severity obese children. 11 Cystatin C is not normally detected in the urine and found in the urine of patients with tubular disease suggesting role as a marker of renal tubular damage. 12 It is abundant in the serum and less dependent on extra renal factor compared to creatinine and greater sensitivity for revealing mild renal dysfunction even in presumably healthy individuals compared to conventional renal indictor. 13 Cystatin C levels have been used most commonly to assess kidney function. Serum creatinine and serum Cystatin C are endogenous markers of kidney function. Serum creatinine levels are associated positively with greater muscle mass and dietary meat intake, while, the serum Cystatin C level is less sensitive to inter-individual differences in muscle mass. The levels of these markers are increased in person with higher body mass index, inflammation, and diabetes.
14 Many studies show the Cystatin C as it believes as a marker of tubular and glomerular dysfunction for early diabetic nephropathy, and the urine level in Cystatin C is high in micro albuminuria in diabetic patients compared with normal albuminuria. 15 This study aimed to test the effect of serum Cystatin C in early diabetic nephropathy in type 2 diabetes mellitus of diabetic Iraqi patients.
Materials and Methods
This study was conducted in Al Kindy Teaching Hospital during the period from December 2015 to June 2016. The study included 90 subjects (30 males and 30 females) with C. The general physical, chemical and microscopic examinations of urine were performed on another part of urine specimen to check for the final selection or exclusion of a subject in the study. Blood sampling was performed at 8.00−11.00 AM in the fasting state for all the patients and controls, and about 7 ml of venous blood was obtained by antecubital venipuncture using disposable syringes with G 21 needles in the sitting position. Blood was divided into EDTA tube for haemoglobin and plain tube for hemoglobinA1c test (2.0 ml). The blood was allowed to clot for about 20−30 minutes at room temperature, and the serum was recovered by centrifugation at 3000 rpm for 10 minutes and transferred into plain plastic tubes and stored at −20 o C. All patients' height and weight were measured. Body Mass Index (BMI) was calculated as a ratio of the weight to the height (kg/m 2 ). Blood pressure was measured three times, and the average value was considered for data analysis. Fasting blood glucose (FBG) concentration was determined by using glucose oxidase method. HbA1c% assay using the Siemens Dimension clinical chemistry system is an in vitro diagnostic assay for the quantitative determination of HbA1c in human. Albumin excretion in urine was measured by the fully-auto chemiluminescence immunoassay (CLIA) Analyzer MAGLUMI1000). Serum urea and serum creatinine levels were determined using enzymatic colorimetric methods. GFR was estimated using the modification of diet in renal disease ( 
Results
The result expressed as mean ± SD difference between the groups was analyzed by one-way analysis of variance (ANOVA). The correlation between various variables was calculated using the person correlation coefficient. Receiver operating characteristic (ROC) analysis was employed to calculate the area under the curve (AUC) and to find the best cut off values to diagnostic specificity and sensitivity. p <0.05 was accepted as statistically significant. All statistical calculations were done using Statistical Package for the Social Science version 20 (SPSS). The result (Table 1) showed no statistically significant difference in terms of age, BMI (p > 0.05) between the studied groups. Systolic blood pressure showed a statistically significant difference (p < 0.001) among study groups. Diastolic blood pressure also showed statistically significant difference (p < 0.001) among study groups. T-test showed statistically significant difference in the duration of diabetes among no albuminuria and micro albuminuria diabetic group. The blood glucose levels showed a statically significant difference (p < 0.001) among study groups. It was significantly higher in micro albuminuria than any albuminuria and healthy control. Glycated hemoglobin (HbA1c%) levels showed a statically significant difference (p < 0.05) among studied groups. It was significantly higher in micro albuminuria than any albuminuria and healthy control group. Urine albumin levels showed a significant higher in type 2 diabetic patients with micro albuminuria than type 2 diabetic patients with no albuminuria and healthy control group, which is highly increased significantly (p < 0.001). The levels of blood urea were significantly higher in micro albuminuria (p < 0.05) when compared with no albuminuria and healthy control group. Serum creatinine levels was significantly higher in micro albuminuria than no albuminuria and healthy Group (p < 0.001). The level of glomerular filtration rate (GFR) was significantly higher in micro albuminuria than any albuminuria and healthy group (p < 0.05). Serum Cystatin C levels showed significantly increased (p < 0.001) among studied groups. It was significantly higher in micro albuminuria than any albuminuria. The correlation analyses revealed the relationship between serum 
Cystatin C and serum creatinine amount GFR, and urine albumin excretion in diabetic patients with micro albuminuria. There was a highly significant positive correlation between Cystatin C and serum creatinine (r = 0.697, p < 0.001) as shown in Fig. 1 , and significant negative correlation between Cystatin C and GFR (r = − 0.455, p = 0.011) as shown Fig. 2 and shows significant Cystatin C and urine albumin (r = 0.526, p = 0.003) in type 2 diabetic patients with microalbuminuria as shown in Fig. 3 . Fig. 1 Relationship between serum Cystatin C and serum creatinine. ANOVA f-test p <0.05 is considered as significant (S). p < 0.001 is considered as highly significant (HS). And p > 0.05 considered as non-significant, SD: standard deviation (mean ± SD), BMI: Body Mass Index, BP: Blood Pressure, DM (Diabetes mellitus), GFR (Glomerular Filtration Rate).
The area under the receiver operator characteristic (ROC) curve was used to discriminate between diabetic patients with micro albuminuria and diabetic patients with no albuminuria depending on levels of analytes of this study. The area under the curve was high for urine albumin (ROC = 1.0), serum urea (ROC = 0.758), serum Cystatin C (ROC area = 0.706), serum creatinine (ROC area = 0.689), fasting blood sugar (ROC area = 0.638), GFR (ROC area = 0.616), HbA1c% (ROC area = 0.586), and BMI (ROC area = 0.528) as shown in Table 2 and Fig. 4 . The best discriminative cut-off value for each of those analytes was selected, and the sensitivity and specificity of each analytes were calculated to predict diabetic patients with micro albuminuria and to define those with no albuminuria. The cut-off value of urine albumin level at (28.0 µg/ml) had a sensitivity 100 % and a specificity 100%. Serum urea level at (31 mg/dl) had a sensitivity of 90% and a specificity of 56%. Serum Cys-C level at cut-off value of (15.2 ng/ml) had a sensitivity of 53% and a specificity 96%. Serum creatinine cut-off level at (1.0 mg/dl) had a sensitivity 43% and specificity 86%. Fasting blood sugar level at a cut-off value (216 mg/dl) had a sensitivity 66 % and a specificity 66%. GFR level at a cut-off value (93) had a sensitivity 80% and a specificity 46%. As shown in Table 3 .
ROC : Reactive operator characteristics, p < 0.001 considered high significant. And P > 0.05 is considered as nonsignificant, FBS (Fasting blood sugar), GFR (Glomerular Filtration Rate), HbA1c% (Hemoglobin A1C), and BMI (Body Mass Index)
Discussion
Various parameters have been recently investigated in serum and urine that play an important role as early detection markers of acute kidney diseases and its complications such as cystatin C, kidney injury molecule-1. 16 Diabetic nephropathy is the leading cause end stage renal disease, and hyperglycemia plays a role in the development of diabetic nephropathy. Hyperglycemia causes increase hyper filtration and renal injury. In general, the hyperglycemia is considered as the key initiator for kidney damage by activation of other metabolic pathways and formation or increase in oxidative stress. 17 The presence of micro albuminuria is considered as indicator or warning signal to renal and cardiovascular disease in patients with type 2 diabetes mellitus, and also considered as the earliest marker of diabetic nephropathy and associated with significant glomerular damage. Studies showed that reduced risk factors lead to decrease level of micro albuminuria and decrease in renal and cardiovascular diseases. 18 Recent studies showed that the micro albuminuria does not necessary reflect renal impairment in addition to the early structure damage in both tubular structure and glomerular that may be present in normal albuminuria. 11 So, there is a need to find biomarkers that help in identification of the patients' risk of the disease and monitoring preventive and therapeutic effects. In this study, there is an increased level of Cys-C in diabetic patients with micro albuminuria is highly significant when compared to diabetic patients with no albuminuria and control group. This is in agreement with the results of other study. 19 Serum Cystatin C performed well as a marker to detect acute renal failure and used to detect development of acute renal failure earlier than serum Creatinine. 20 Other study reported that serum Cystatin C is a better early predictor of progression of ESRD in person with type 2 diabetes, and the ability of serum Cystatin C to detect pathologies changes in renal function is very high. 21 Other studies reported that the increase in serum Cystatin C is more than serum creatinin in kidney damage. Serum Cystatin C is not influenced by race, muscle mass, gender and age. This may suggest serum Cystatin C equation to calculate GFR that is more important than serum Creatinin equation in calculation of GFR. 22 The present study shows a statistically significant positive correlation between serum Cys-C and serum creatinine of diabetic patients with micro albuminuria .This is in agreement with the finding of many studies. 23 There are negative correlations between serum Cys-C and the amount of GFR. Serum Cys-C shows significant positive correlation with urine albumin. These results are in agreement with other study who stated that there was a significant positive correlation between serum Cys-C and urine albumin exertion. 24 The micro albuminuria is used as the earliest marker of diabetic nephropathy. However, other study showed that the micro albuminuria is not necessary to reflect renal impairment and suggested that the early structure damage in glomeruli and tubular structure may be present in the normal albuminuria. So, it becomes necessary to find marker to evaluate early tubular damage indecently of albuminuria development and progression in diabetic patients with early nephropathy.
11
The Cys-C filtered freely by renal glomeruli and reabsorbed in the proximal tubule and has molecular weight of approximately 120 times greater than serum creatinine. However, increased concentration Cystatin c in the blood indictor effected the kidney or mild renal impairment. 23 The area under a ROC curve quantifies the ability of the statistics to correctly discriminate between patients into abnormal and normal micro albuminuria. The classification of patients depended on to define urine albumin excretion. Generally, a test in ROC curve with range from 0.5 to 1.0, however, the area if it was 0.5, the test did not identify the ability into positive and negative ROC evaluation by reporting p value that tested the null hypotheses. The area under curve really equals 0.5 in others words the p value answers this question. If the p value small that means test dose actually discriminates between abnormal and normal. If the p value is large that means the diagnostic test is not better than flipping a coin to diagnostic patients. The best test to diagnosis disease will be that one with sensitivity and specificity 100%. However , ROC curve is designed for tuning sensitivity and specificity to have comparison between highest sensitivity and highest specificity. 17 In the study, the urine albumin excretion more active diagnosis test for microalbuminuric patients which goes in line with the patients with higher glucose level and long duration of disease in addition to the serum level Cys-C, serum creatinine, GFR, and serum urea followed with micro albuminuria in diagnostic diabetic nephropathy. This is a useful biomarker to prognosis and detection in patients with micro albuminuria in early stage of diabetic nephropathy. Also in early stage can guide early intervention for the patient's own healthy and prevent disease progression, according to the results of this study all the patients with type 2 diabetes mellitus female and male having high serum Cys-C in early stage of diabetic nephropathy. This analytes showed higher predictive ability to detection and progression of the diseases. 
Conclusion
Poor glycemic control is characteristic of diabetes patients with micro albuminuria. In the study result show Cys-C level increase with development and progression of diabetic nephropathy. And show Cys-C negative correlated with amount GFR, so that Cys-C considered a reliable and sensitive marker for identifying changes in GFR. Cys-C used full detection marker of acute renal failure earlier than creatinine .Cystatin C in diabetic patients with micro albuminuria considered to predict practically well renal events.
